IS=2e-15 NF=2 XTI=6 XTBz.5) model 
1200V and die size of 12mm square is modelled in PSpice based on three models: the BJT-MOSFET composite model, the equation model and the new model. The output characteristics of the different models are compared in Fig. 2 together with the experimental results. All these models satisfactorily reproduce the static performance of the IGBT. Dynamic performance is tested in a hard-switched circuit with a clamped inductive load. The switching performance parameters and the computational times of the different models are listed in Higher-order immittance function synthesis using CCllls
Shen-Iuan Liu and Ching-Yuan Yang

Indexing terms: Current conveyors, Current-mode circuits
Two general methods for synthesising higher-order immittance functions using CCIIIs are presented. One of the advantages of these methods is that the proposed circuits require only grounded resistors and grounded capacitors. Moreover, the proposed immittance functions can be applied to realise higher-order fdter applications. Simulation results are given to verify theoretical analysis.
Circuit description:
The port relations of a CCIII can be characterised by the following matrix:
where the positive and negative signs of the current I, denote the non-inverting CCIII and inverting CCIII, respectively. A possible implementation of a CCIIIk has been presented recently [7] and, therefore, the circuit complexity of a CCIII can be reduced further. Considering the first basic building circuit in Fig. la , it consists of a non-inverting CCIII, an inverting one and three grounded admittances. Its driving-point admittance function can be expressed as
The second building block is shown in Fig. 1 b, which consists of a non-inverting CCIII, an inverting one and three grounded impedances. Its driving-point impedance can be given as proposed to synthesise the higher-order immittance functions by using the basic blocks in Figs. la and b . The higher-order immittance function can be realised by using the circuit, which is similar to Fig. la, in place of Y, in Fig. l a or by using the circuit, Similarly, the higher-order immittance functions can be realised by using the circuit, which is similar to Fig. lb fig . 2 ----. Simulation results: To verify theoretical analyses, a proposed immittance function is used to realise a third-order highpass filter. The CCIII is constructed by two CMOS CCIIs [9] . As an example, a thd-order highpass filter can be realised by inserting a
znwhere Re = R,, Le = R,C,R, and Me = R,C,R,C,R,. Its equivalent circuit is shown in Fig. 3 . And its transfer function can be expressed as
This third-order highpass filter is realised with R, = 10kQ R, = 20kQ R5 = 40kQ and C, = C, = C, = 1nF. Fig. 4 shows the simulation results which confirm with results of the theoretical analysis.
Conclusions: In this Letter, the general higher-order immittance functions using CCIIIs have been presented. One of the advantages of this proposed circuit is that it only requires grounded resistors and capacitors. Two methods are also presented to synthesise the higher-order immittance. Moreover, the proposed immittance circuit can be also applied to realise higher-order filter applications and it has been verified by simulations. The proposed circuits are expected to be useful in analogue filtering applications. 
